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© Active matrix type display device. 

© An active matrix type display device has a plu- 
rality of scanning lines (Y1, ... Yn), a plurality of 
signal lines (XT, ... Xm). and pixels (10, 30, 40, 50, 
60) disposed at inter-sections of the scanning lines 
and the signal lines for providing a display. Each 
pixel is driven by way of a respective plurality of thin 
film transistors (1, 2, 23, 24, 31, 32, 33, 41, 42, 51, 
52) which are connected to an associated pixel elec- 
trode (P). Each pixel electrode also has connected 
thereto a respective plurality of storage capacitors 
(5, 6, 25, 26, 27, 37, 38, 45, 46, 47. 55, 56, 57) 
arranged in parallel. Thus, if a thin film transistor or a 
storage capacitor connected to one of the pixel 
electrodes is defective, the defect in the associated 
pixel can be relieved simply by disconnecting as a 

Jpair both one of the thin film transistors and at least 
one of the storage capacitors so long as the pair 
includes the defective element. 
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ACTIVE MATRIX TYPE DISPLAY DEVICE 



The present invention relates to an active ma- 
trix type display device. 

Some conventional active matrix type display 
devices that employ redundancy are described in 
Japan Display 86, pages- 208" to 211, r Ogura et al. 
Figure 2 is a circuit diagram showing one example - 
of a liquid crystal display device employing thin 
film transistors {hereinafter 'abbreviated as "TFTs"). ^ 
In the illustrated prior art, two TFTs 1 1 and 12 are > * 
disposed at the inter-section between a sigriaMine^ 
Xn and a scanning line Yn, and* ah image signal tfssl 
written in a liquid crystal cell 20. 

The above described prior art suffers, however, 1 ' 
ffofti the' following problems. Referring to Figure 2,r- 
it is assumed that the gate drain^ capacitances 13 
and 14 of the TFTs 11 and 12 Have magnitudes G3 S 
and C4, respectively, and the liquid crystal capaci-r 
tance is CO. When the scanning line Yn changes v 
from a select state to a non-select state, the' pbteri-- 1 
tial at a point P, that is at a pixel electrode, shifts 
by a voltage expressed asfollows:- o 
AVO = VG x <C3 + C4) / (G3 + C4 + CO) - ; " 
wherein VG is the change in the potential at the . 
scanning line Yn. ■ Vv • i/ i^: 

On the other hand, -when the TFT-12 is found' 
to be defective and consequently the pixel is driven 
by the' TFT 11 alone? the voltage shift is' as fok : 
lows:- ^ ' " '•' - , * ' 

AV1 = VG x C3 / (C3 + : C0) r - : ! ' 
* . Since V0 does not equal V-1 , *he voltage that is ■ 
applied to the pixel in the two r cases, that is when 
the pixel is driven by a single iTFT and when it is 
driven by two TFTs, differs. A marked difference- in 
the transmission factor thus occurs particularly in a 
half tohe display. Accordingly, the pixel defect can- 
not be relieved even 1 by" the use of redundancy.* ' 
' It is an object of the present invention topftx 
vide a display device, in which a pixel defect may . 
be completely relieved By means of redundancy. 

The present invention provides an active matrix 
type display device having a plurality of scanning' 
lines, a plurality of signal lines; and pixels disposed: * 
at inter-sections of the scanning lines and the sig- 
nal lines for providing a display, each pixel being:-, 
driven by way of a respective plurality of thin film 
transistors which are connected to an associated ' 
pixel electrode, characterised in that each pixel . 
electrode has connected thereto a respective plu- 
rality of storage capacitors arranged in parallel. 

. By virtue of this arrangement according to the 
present invention, a defect' in a pixel, caused either 
, by a thin film transistor or by a storage capacitor 
connected to one of the pixel electrodes being - 
defective, can be relieved simply by electrically 
disconnecting the defective portion. If a defective 
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thin film transistor and an . associated storage ca- 
pacitor are; simultaneously disconnected as a pair 
and-the magnitude of the capacitance removed is 
optimised, it is possible- still Jo apply to the relevant 
pixel the same signal as is applied to the normal 

. pixels. In other ; words,- the pixel defect can be 

■ completely relieved. ' : * • 
' ; The present invention will be described further, 

* * by. way. of: example, with reference to the accom- 
. panying drawings, in which like reference numerals 
. denote* like elements and in.which:- 

u Figures 1, 3, 4, 5 and, 6 are circuit diagrams 
: showing : respective embodiments of a display de- 
: vice according to the present invention; 
:>r,u figure 2 nis . a, circuit diagram of a conven- 
1 -tional display device; . 

: : - : - Figures 7 and &are top and sectional views 
.-respectively showing the embodiment of the dis- 
play device -illustrated ; in Figure 1; 

Figures 9 and 10 are top and sectional views 

; respectively showing another embodiment of the 
. display device according to^ the present invention; 

fcnd, J 

Figures 11 and 12 are top and sectional 
. .views respectively^ showing a still further embodi- 
! : merit -of the ( display device according to the present 
invention; 

A first embodiment of the present invention will 
be described in detail, with reference to Figure 1, 
which shows a display device employing redun- 
dancy and having a liquid crystal material as an 
electro-optic material and two TFTs 1 and 2 for 
driving each pixel. These iv two TFTs 1 and 2 have 
their respective source electrodes connected to a 
common signal line Xm, their respective gate elec- 
trodes connected to a common scanning line Yn 
and their respective drain electrodes connected to 
a point P, that is to a common pixel, electrode. 
Therefore, the two TFTs 1 and 2 are electrically 
equivalent to each other. The pixel electrode P is 
connected to a liquid crystal cell 10, and to storage 
capacitors 5 and 6, respectively. 

Since an active matrix type display device gen- 

• erally has several tens of thousands to several 
millions of thin film switching elements which are 
disposed in a relatively large area, it is extremely 
difficult to produce without any defect. However, 
there is an exceedingly low probability that both of 

v two elements which are adjacent to one another 
. will become defective. Therefore, if the redundancy 
arrangement employed in this embodiment is 
adopted, it is possible to relieve a defect in a pixel 
by disconnecting a defective element. It is as- 
sumed that the gate-drain capacitances 3 and 4 of 
the TFTs 1 and 2 have magnitudes C3 and C4, 
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respectively, the storage capacitors 5 and 6 have 
capacitances C5 and C6, respectively, and the 
capacitance of the liquid crystal .cell 10, is CO. For 
simplification, it is assumed that the f FTs 1 and 2 
are equivalent to one another, i.e. 
C3 = C4 (1) . 

and it is also assumed that the following relation 
holds-for the storage capacitors:5 and 6: . . * 
C5 : = C6"^G0' : "(2)' ^ ■■■ i: osdno 

In additionnt Is* 1 assumed that both the two:., 
TFTs 1 and 2 have Satisfactory .writing capability. prriv 

A pixel : dsfect Is detected and relieved .ps?-fok" 
lows. First, 1 the Address 5 of -<a defective TFTM$ ob- o 
tained either electrically ^optically. The following^; 
are specific" examples^ of^hnethods for detecting 
defective TFT id the substrate: 

(a) the- charaeteristips: of "all the TFTs,'£re>.i 
inspected - by ^pplyifrg^probes^. to the pixel: ele^;i 

■ trodes, scannirig^lines^rrd' Signal lines;a U a^or-K 

(b) a pin hole or foreign 1 matter is detected: 
by the use of a pattern 5 recognition device; andser . : 

(c) proper' signals" v are°applied to tha^anf, 
ning and signarnries ! to detectvindirectly a defective 

' TFT. * ' "' " : - - ;:ii::- f ? 

To detect a defective 'TFT in the panel, a 
' method wherein me" address ^ a defective TFT is; ■ 
obtained from the image pattern' displayed may.be:. 
employed. For example, if there is a short between 
the gate and ^source <oi a TFT on between the. gate < 
1 and drain,* -the scanriir^Mine select pulse appears; ! 

on the signal line. Therefore, the address '.of thet-s 
■' defective TFT can be obtained from the timing at 
•'■ which the select puls6 appears: -If there is a short 
between the source and drairVof a TFT, an; image;; 
signal is' applied to the pixel electrode from > the v 
Signal liine-wKen' all the scanning lines are placed- in; , 
a non-select ' state. ' Therefore, : the address- roi-jthe.-- 
1 defective TFT is readily obtained from the imagers 
: pattern displayed. Since the two TFTs for; driving ; ,< 
each pixel are electrically equivalent to each other*;; 
if the address of a defective TFT is obtained ;by,*a-: 
method other than pattern recognition, the. defect 
,r tive one of the TFTs may be determined by visual 
'inspection. • - 1 v 

Next, the TFT that is considered to be defec- 
tive is disconnected or cut off by the userohlaser, 
trimming or other similar means, and the -.storage i:< 
capacitor 5 of the pixel concerned is alsq.disconr- 
*' nected or cutoff. ' ( ( 

By disconnecting the- capacitor C5, it becomes;:, 
possible to apply the same voltage both to the: 
pixel* that is driven by a' single TFT and- to the., 
pixels that are each driven by two TFTs and hence , 
' to dorrect the defect in- the" pixel to render.it a 
"■' completely normal pixel. This- will be explained 

; below in detail. ' ' 
: When the scanning line Yn changes from .a 



select state to a non-setect state, the potential at 
the pixel electrode P alters by an amount deter- 
, mined by the gate-drain capacitances C3, C4 of 
the TFTs 1 and 2, the capacitances C5, C6 of the 
s storage capacitors 5 and 6, and the liquid crystal 
. capacitance CO. The voltage shift is expressed as 
follows: 

x/ AV0 = VGx(C3 + C4)/ (C3 + C4 + C5 + C6 
esc sis+vCP)v;vI(3j " V .. 

wherein- VQ i is '.the, change in the potential at the 
<vir ^scanning line.Yn. . ..." . 
Ji-rn's f -"ivOn theiother hand!, when' the JFT 1 is found to 
V." 7! 7,ba defectjye^and consequently the TFT 1 and the 
J : -7 ■,stpr ; age ;1 capacitor 5, are' disconnected, the voltage 
:» 1$ r:, rshift,is. expressed as.follows: / 
l^zcrt^rZ VG X:G4 / (C4 .+ £6^ CO) (4) 
1 ' "wijien the TFT -2 is, found ,to,,be defective, and 
£Oj^ TFT 2>rid tfie storage capacitor 

oj 7 S 7§-are dis^riected, the^voltag^, shift is expressed 
Ji^roaSiiP.Hows;, e : ; 7j y^-v.-.-z - 
■n :r. AV2 = VG: x- C3-/ <C3 + C6 >+' CO) (5) 

^ ; : : i^rorn the equations. (1 ),■ (2)i'(3), (4) and (5), the 
> v e-i'i following relation is obtained: . 
■/ : : AV(^=*Ayi/= AV2 (6) 

o-£5 7J if T^ ia - shows th-at it is possible to apply the 
same, voltage to a pixel that is driven by a single 
; + TFT and to. a pixel driven .by two TFTs. In other 
words, it is. possible to correct, a, defective pixel to 
create a completely normal pixel. , 
?:30 t .-Tlt is assumed that, in'a general display device 
1 / having N. TFTs per pixel, the capacitance of the 
;i ,r., >etectrp-ofDtic material of the pixel is CO, the total 
capacitance of the storage capacitors for each pixel 
is Cs,;the,gate-drain capacitance, of the i-th TFT is 
■■1135' j.tpi tapd the, gate-drain capacitance of the remaining 
.u 7^1 TFTs is Cn-1. In this case, the voltage shift is 
?v.-.. r exp/essed as follows: , v 
;i 7 ■o- : .r;Aya ■-^^"(Ci + Cn-1) / (Cj > Cn-1 + Cs + 

• ! ; %r i,; 1 * On the other hand, when the i-th TFT is found 
b," J -.£it ;tp b$. defective, and consequently the i-th TFT and 
ay of one, of the ; storage, capacitors having a capacitance 
7 7; Cp^are disconnected'. trie voltage shift is expressed 

, i c as follows: . , . , 
■'.* .45^ c-AV!. = VG x Cn-1 / .(Cn-V + Cs J '+ CO - Cp) (8) 
k- »>-\\r/J r . ,f . at * his time., the capacitance of the storage 

jr . t- capacitor disconnected is expressed as follows: 
■r :7 - -iCp = (CO + Cs) x Ci / (Ci + Cn-1) (9) 

7 then.- ; from the equations (7), (B) and (9), the follow- 
so;-, ing relation is obtained: 
i • AVO = AVi (10) 

More specifically, if it is possible to reduce the 
7 capacitance t of , the storage capacitors by an 
,,j f . ^amount corresponding .to the equation (9), then, 
M/5S, - ey^n if the i-th TFT is disconnected and the pixel is 
.. .-j 7 driven by the remaining N-1 TFTs, the same volt- 
age may be applied to the pixel as in the case 
where the pixel is driven by the N TFTs. 
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Figure 3 is a circuit diagram showing another 
embodiment of the present invention. In this em- 
bodiment, storage capacitors are interposed be- 
tween the pixel electrode P and,. the scanning line 
Yn-1 in the preceding stage, but the basic opera- 5 
tion .is the same as jh the case of the embodiment 
shown in Figure 1. It 'is' assumed that the- 'nfiag- ■ 
nitudes of the gate-drain 'Capacitances 23 and : 24 of •'' 
" two TFTs 21 and 22 are C3 ( and C4, respectively^ • 
the capacitances of three storage capacitors 25, 26 - -io i: 
and 27 are C5, C6ahd C7, respecively, and the 
capacitance of a liquid crystal celf 30 is CO. ' s '1 ? ,:,lV ; 
If the following relations hold:. ' ' 1 '" r J r '' 

/ C3 *.C4 (11) \'/"" ; ' r ' : ' ' r: 

C5 = = Ca'^ 0) r ~ ]{ :^~''\ ' : ' 5 ' 

then, even if this pixel is fourid'to^e defectivevthe' v * 
same ? 'v6itage , that is aprjiteb'to the other pixels;can :r - : - 
also .be applied to tfiis jDixerjby 'disconnecting or >: ! 
cutting off either one oiflrte tW6 TiFTs and myfty6 r>Cl * h * : 
: of the. three storage ( capacitors. For example] if thV " 20- 
\. tFJ 21 is found to; be defective, the TFT 2f : is- ' ' *' 
" " disconnected and two stoVage\capacitors 25 and 
. . 26, or 26and 27," or 25 and 27, are disconnected; if M : ■ 
the , storage .capacitor 25 is found to be defective; : " 
two storage capacitors 25 and 26, or 25 and 27r : - W £ 
are disconnected and either the' TFT 21 or 22' is : 
disconnected. ' 

Thus,. the operation of ; the pixel can be cor- 
rected regardless of .whethWia TFT *or a storage 
capacitor is defective, It is impossible, however, to 30 
correct the pixel in the following two cases. 'that : is, v/: ' 
when the two TFTs 21 artd 22 are simultaneously > ■'- v 
! defective, or when the three storage capacitors are ; ' 1 ' 
simultaneously defective. Nevertheless, the'prbb- f 1 ; : ' 0 
. ability . that such a case- will occur' is extremely low. as " 
. Therefore, it is pbssibleV to correct most pixel de- " 
,'fects. " . * " ; ' ' ! 

Figure 4 is a circuit diagrarrV showing still an-" ' 
. p other embodiment of the present invention, in this 
embodiment, MOS capacitors are' employed- as-'two 40 
storage capacitors 37 and 38, respectiveiy.^ut-che : - 
basic operation is the, same as in the case of the ,; " 
embodiment shown in Figure 1. It is assumed that : 
the magnitudes of the gate-drain capacitances- 34| v 
35 and 36 "of three TFTs 31 i 32' and 33 are"C4, CS -4$-' 
„. and C6, respectively,, the capacitances of the two : 
* storage capacitors 37 and 38 are C7 and C8, 
, respectively, and the capacitance of a liquid crystal 
cell 40 is CO. 1 / : 

. If the following relations hold: " 1 so ' 

C4 = C5 = C6 (13) ' * ' ^ •■'> 

C7 = C8 = CO (14) 

then, even if this pixel is found to be defective, the ■ 
same voltage that is applied to the other pixels can 
still be applied thereto by disconnecting any one of- 55 
the three TFTs and either of the two storage ca- 
pacitors. For example, if the TFT 31 is found to be" ' 
defective, the TFT 31 is disconnected and either 



the storage capacitor 37 or 38 is disconnected. If 
the storage capacitor 37 is found' to be defective, 
the storage capacitor 37 is disconnected and any 
one of the three TFTs 31, 32 and 33 is discon- 
nected.- Thus/ the defect in the pixel can be re- 
lieved regardless of whether a" TFT or a storage 

'capacitor is defective: It is- impossible to relieve a 
clefect in the pixel in the-- following two cases, that is 
when the three TFTs '31, 32 and 33 are simulta- 
neously defective; or when the two storage capaci- 
tors 37 and 38 ; are simultaneously defective. How- 
ever, the -probability that- such a case will occur is 
extremely low. Therefore, - it is possible to relieve 

' most pixel defects; ■ 

' Figure 5Ms a -circuit diagram showing a further 
"embodiment of the present invention. This embodi- 
ment features a redundancy arrangement wherein 
f two TFTs : 41" and 42 and two signal lines are 
disposed -for- driving each pixel, these two TFTs 
have their own respective gate electrodes con- 
nected to a common- scanning line Yn and their 
''respective drain electrodes connected to a com- 
'mbn pixel electrode P. However, the source elec- 
trodes- of the two TFTs are connected to signal 
lines X2m-1 and X2m,< respectively. It is assumed 
that the -capacitance of an electro-optic cell 50 is 
* GO?' the capacitances of storage capacitors 45, 46 
and 47 are C5, C6 and C7, respectively, and the 
magnitudes of the gate-drain capacitances 43 and 
44 of the two TFTs* 41 and 42 are C3 and C4, 
' respectively. - * 

'"• If the following relations hold: = 
C3 = C4 (11) 
C5 = C6 = C7 = CO (12), 
then, even if this pixel is found to: be defective, the 
- same voltage that is applied to the other pixels can 
still be applied to this pixel by disconnecting either 
one of the two TFTs and any two of the three 
storage capacitors, as described above. 

This embodiment, in which the signal lines are 
also made redundant, ■ has the following advan- 
tages. The first advantage resides in the fact that 
the address of a defective TFT can be obtained 
readily and accurately. The address of a defective 
j TFT may be obtained 1 electrically by the following 
two methods,' that is by applying a probe directly to 
each pixel electrode or by applying proper signals 
to the signal and scanning lines to obtain indirectly 
the address of a defective TFT. The address of a 
defective 1 TFT can also be obtained extremely easi- 

• ly optically by making a comparison between the 
image pattern that is . displayed on a completed 
panel by the application of image signals to the 
odd signal lines alone and theJmage pattern that is 

• displayed by the application of .image signals to the 
even .signal lines alone. 

The second advantage resides in the fact that 
it is possible to relieve a defect in a pixel resulting 
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from a disconnection of a signal line or a short 
^between the signal and scanning lines. If the re- 
spective terminals of the two signal lines X2m-1 
and X2m are shorted- to each other and the same 
signal is applied to them, the disconnection is . s 
: automatically disregarded unless the signal line(s) . 
■ is disconnected . at -two or more positions. If either . : 
: :, of:the t -signal jine.S; C X2mTl'or ; X2m ?nd the scanning^.,,' ^ M 
j line- Yn:'ar^, shorted; each other, the signaljne^ ^'^ 
. ' may be disconnected <at both sides of the snorting ,,,^o v> 
portion, thus renting } the; ^signal and scanning,, 
. lines operative* agajru.; ■: ■ t-.-,^ ,-i;v.i 

.Rgurev:6'ii§;Ai.^JPW*^i0. r ? ,t } showing a sti " j-i " 
- further embodiment, of ith^^prasent invention. This 
embodiment featur^^A.ji?dun[dwcy arrangement is 
wherein ^two TFT^ J51^ and, .52 and two scanning 
. lines are- provided ; fQr eaq^fpjxel^These twQ^FIs,^^.^ 
have their respective*. spuFQe electrodes corseted ; , 
to a common signal; Hnq ;Xm and their respective., ;f 
drain < .-electrodes \Conn^tfSt u ^fei9 common .pixel. j-,-??^ 
electrode P.* However, the .gate/^lectrpdes. of; the r , . 
two TFTs are connected tto scanning lines. Y2q-T t ~ A , t 
. and. Y2n. respectively^ It, is assumed that the t ca- . ;;vi> 
pacitance of an , electro-optic ceil 60 is Q0 t> .the t1 r 
capacitances of stprage capacitors 55, 56 anfi.^57 is 
are C5, C6. and C7, :respectiyejy, arid the : mag- r . : . . 
nitudes of the gate-drain capacitances 53 an$ 54 of. 
. two.TFTs 51 and 52 : are ; C3 andfC4, respectively. 
t • If the following relations. hojd: ■ ; . 

... ...C3 = C4 5 ,(11) : V. - : * ; .< . t , - v;^ 

•i cC5 = C6 =f C7 = CO. , <12) J ; ^.n.vfi;: 

then, even if this pixel is, found. to. be defectiye r the ^ ; - 
same voltage that is applied to the other pixels can ~ ; 
still be applied to this pixel by disconnecting, fither ; . 
one of the two TFTs : and any two of thajhree,,. 35 
. > storage capacitors, as* described, above, v K t v v , , 
j ' This embodiment, in which, the scanning. Jiries;. M 
. • are also. made redundant,; has the following advan- 
, tages. The first 'advantage resides in the fact that ;j 
the address. of a defective TFT. can be obtained n ; /p^ 
• readily and accurately. The address of a defective v f 
'/ TFT may be obtain- electrically .by the following -two 3 ... , 
» methods, that is by applying a probe directly. to. v . : . e 
r each pixel electrode or by applying proper; signals^ J?> .. , 

* Ao the signal and .scanning lines to obtain indirectly ^ 

the address of a defective TFT. S The. address of; a vfj ct . 
defective TFT can also be obtained extremely easi- > t , ; , 

* * ly optically by making a comparison between the, •.*■ : 
... - image pattern that is displayed on a completed.. ;J , . 

panel by the application ofsc^nning signals to the so 
odd scanning lines! alone and, .the image pattern 
that is. displayed by the application of scanning 
signals to the even scanning lines alone. 

. The second advantage resides in the feet that 
it is possible to relieve, a defect- in a pixel resulting .55 - 
from a disconnections of a signal line or a short, 
between the signal and scanning lines. If- the- re- : . r , 
spective terminals of the two scanning lines Y2n-1 t 



and Y2n are shorted to each other and the same 
signal is applied to them, the disconnection is 
automatically avoided unless the scanning line(s) is 
disconnected at two or more positions. If the signal 
line Xm and either of the scanning lines Y2n-1 or 
Y2n are shorted to each other, the scanning line 
[' may. be disconnected at both sides of the shorting 
.portion, thus rendering the signal and scanning 
^.fine's operative again. ' 

"I Figure, 7' is a top., view '.of one pixel of the 
. 'embpjdim^ display device 'according to the 
^present invention shown in Figure 1 . The two TFTs 
^provided for' each, pixel' 1 have their sources 103 
connected' to the signal line km, and their drains 
104 connected to a pixel electrode 101. Their gates 
102 are constituted by the scanning line Yn itself. 
The, .reference" numeral .105 denotes channel re- 
" gibns rriadg of a 'semi-conductor film. An insulating 
",fiim : i9 formed. between ^ the semi-conductor film 105 



30 ■ 



rfjftfo&gg^ 111 and 112 

)^>\ei£p^ve\stora& 'capacitors between the 
Sjam.e. and the pixel electrode i 01. The capacitan- 
ces of the storage capaidtors are assumed to be 
■ps andX6,. Respectively, as mentioned above. The 
' pixel /electrode 101' faces an' opposing electrode 
through .an ele'etro-optic "material' to form a capaci- 
tance there-between.. The magnitude of the capaci- 
tance is assumed to be CO. Since the respective 
sizes of the TFTs are equal ta one another, the first 
^equation holds. It is assumed that the second 

equation holds for CO, C5 and C6. 
1 .V* ".'If the jeft hand TFT is' found to be defective, 
1 Ah6r portions^ denoted by the reference numeral 113 
..are. cutout by means of laser trimming or another 
^;^rni^technique and, at the same time, the portion 
T denoted byjthe referencW numeral 115 is cut out to 
\ . disconnect the cbmmbn^electrdde 111. If the right 
hand TFT is found to be defective, the portions 114 
and. 11 5. are sjmilariy cut outfit is preferable for the 
( iinie .width of the cut out portions 113 and 114 to be 
1 smaller,. than i the. width, of the channel region of 
.each 'TFT* and for the Jine width of the cut out 
'portion il$ to .be snh'aller thain the' width of the pixel 
.electrode^ 01. \ . " '\ '.. ' 
. V ..figure § is a cross sectional view taken along 
the- fine' A -'B in Figure 7. The'common electrodes 
tll.and 112 are provided on an insulating sub- 
' .strate 110 below. the pixel electrode 101 with an 
insulating film 109 interposed there-between so 
* that ho unnecessary voltage will be applied to the 
electro-optic material. When inverse staggered 
TFTs are, employed, a gate insulating film 107 and 
a semi-conductor film 106 are stacked over the 
gate. 102, and the source "103 and the drain 104 are 
connected to the corresponding portions of the 
semi-conductor film 106. If transparent conductor 
films are employed to constitute common elec- 
trodes and pixel electrodes, a transmission type 



5 



BNSDOCID: <EP 0375233A2 I > 



EP 0 375 233 A2 



10 



display device is formed, whereas, if a semi-con- 
ductor substrate is employed in place of the in- 
sulating substrate 11.0 and a metallic material is 
employed to constitute pixel electrodes, a reflective 
type display device is. formed. 

Figure 9 is a top, view, of one pixel of anojhen 

embodiment of the display ^device according ; .to thj3 v 
present invention. In this embodiment,, three. tFTs^" 
are provided, for each pixel., The TFTs have ; ttieir. w 
sources 123 connected to. a signal line Xnn, " : their 
drains 124 connected to a pixel. electrode 121 and,, 
their gates 122 connected to a, scanning line . Yn. A " 
semi-conductor film that is denoted by the^.referr . 
ence, numeral 125 constitutes -channel regiOiis v for. v ,^ 
the TFTs. An etching, stopper ,,128 is provjded , to^* 
make the film , thickness of the channel .regions^' 

> uniform. -Storage capacitor? electrodes 131 304,132 ,, 

* face, a-^ scanning Jine ( .-Yn-1 in the preceding stage 
through . an insulating r film to -form capacitances ( . . 

; therebetween.. The pixel : electrode 121 faces an ! ' 

. opposing . -electrode - through an ..electro-optic ' ma- , 
terial to constitute a capacitance., When a TFT is" to. ^ 
be disconnected, cuts are : made at portion^, .133, * 
134 or 135,< whereas, when a storage capacitbr. is^ 
to be disconnected, cuts are made at portions 136. . 
or 137, . using laser ^trimming or other similar 
means. - - ■* > - 

. . Figure 10 is a cross sectional view taken along ,,, 
the line A - B in -Figure 9. The, storage capacitor , 
electrode- 131 is provided above a scanning line , 
139 in the* preceding stage, with an insulating , film V 
,129 interposed, there-between. so that no~unnQq- f 
essary voltage will be applied, to the.electrbroptic^ 
.material and the display quality^ and the reliability _ 
of the .device are enhanced,' When inverse stag- 
gered; TFTs are employed, tfie Insulating film J 29, 
.and the semi-conductor film 125 are stacked over 
the gate 122. the source 123 and^he drain 124 
are connected to the semiconductor film 125 
through a. semi-conductor., film, 126 having a large 
amount of impurity implanted .therein. The etching 
stopper 128 is disposed over the channel, region ., 
provided by the semi-conductor film ,125. the pixel 
electrode 121,- which is formed of a transparent 
conductive film, : is connected to both the drain 'i*24 
and the storage capacitor electrode 131. In 'order to 
increase, the product yield, the insulating : film '129 
may comprise a multi-layer film so as to reduce, 
pin holes. , 

Figure 11 is a top view of one pixel of still, 
another embodiment of the display device accord- 
ing to the present invention. This embodiment fear 
tures a redundancy arrangement wherein two TFTS 
and two signal lines are provided for each pixel. 
The two TFTs, have their sources 143 and 173 
connected to signai lines X2m-1 and X2m, respec- 
tively, their drains 144 and 174 connected to a 
common pixel electrode 141 and their gates 142 
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and 172 connected to a common ^scanning line Yn. 
On the other hand, the storage capacitors are pro- 
vided by a MOS capacitor comprising three por- 
tions having a common electrode 170 made of a 
semi-conductor material. In the case where the 
, MOS capacitor electrode '170 has a low impurity 
concentration, and if the semi-conductor material is 
/of/h-type, a positive voltage is applied to a com- 
mon electrode 160, whereas, if the semi-conductor 
... material' is of p-type, a negative voltage is applied 
to the/commdri electrode 160, to form an inversion 
layer on the surface of the semi-conductor material 
whereby .the^ electrode 170 functions as a MOS 
capacitor. ' in . the , case where the impurity con- 
centration ^ the: MOS capacitor electrode 170 is 
high! the . potential at the common electrode 160 
V r can be <sk as desired. If the MOS capacitor and 
"'ihe TFTs have the same conductivity type, the 
.MOS capacitor can be formed at the same time as 
V 1he TFTs. fcohtact hdles Y61 and 164 serve for 
connection between the sources of the TFTs and 
the "corresponding signal lines, contact holes 162 
" andJ63 serve for connection between the drains of 
J; the TFTs and the pixel electrode, and a contact 
hole 165 1 serves ; for connection between the MOS 
. . ^capacitor electrode and the pixel* electrode. When a 
tFT is to be disconnected, cuts are made at por- 
tions 154 or 155, whereas, when a storage capaci- 
tor ..is to be disconnected, a cut is made at a 
portion 15 V 1'52 or 153, using laser trimming or 
. other similar means. 

Figure 12 is* a cross sectional view taken along 
[ ! the line A - B in Figure 11/ In the case of staggered 
tFTs, ion impiantatibn is carried out with the gate 
142 used as a mask, so that source and drain 
regions 143 and 144 having a high impurity con- 
centration and a channel region 147 having a low 
impurity concentration can be formed in a self 
aligned manner, as shown in Figure 12. It is also 
possible to form the TFTs in a non-self aligned 
manner using two semi-conductor films having dif- 
ferent impurity concentrations. The common elec- 
trode 160 is formed of the same film as that used 

* to form the gate -142, while the MOS capacitor 
electrode 170 is formed of the same semi-conduc- 
tor film as that used to form the source, drain and 

* channel regions of the TFTs. The signal line 159 
and the pixel electrode' 141 are connected to the 
source , and drain regions and the MOS capacitor 

"'' electrode through the respective contact holes. An 
k inter-layer insulating film 148 isolates the scanning 
and signal lines from each other. If quarto is used 
~ as. an Insulating ^ substrate and polycrystalline sili- 
con as a semi-conductor material, it is possible to 
employ a thermal oxide film to constitute the gate 
insulating film 149. 

The arrangements described above are ap- 
plicable to any type of display device which em- 
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ploys a combination of TFTs and an electro-optic 
.......material. Even if the conditions of the above men- 

"libned equations are' nearly but not completely' 
• satisfied, there will be no discernible difference 
between a pixel relieved of* a defect and the normal 
. pixels. ■ ' .' . V . 

* As has been described above, the display de- 
' vice according to the present invention is capable ■ 

"* l**'''J~nJ*\l~X' ^/*mn7£VaK/ a'' Hafort * in a nivfil tenant'"' 



■'.* of'telievin^^^ a pixel fea^f!^ ! ^ 

JesSjoVwhe^ a' storage capadtor&sd^^ 

riatoH witK thA n1yfli.iis li defectiveV AccordincrtV' ; th^ v< Zl "' 1 br a plurality of 



the storage capacitors are arranged so as to permit 
selective disconnection of the same from the re- 
spective pixel electrodes if the operation of an 
associated pixel is defective. 

3. A display device according to claim 1 or 2 
characterised in that the arrangement is such that a 
drive voltage applied to a particular pixel following 
disconnection of a selected one or a plurality of the 
transistors ' connected ' to the associated 



ahd'a'Ccirr'esponding selected one 

ciated witK thVpixelS 'defective? AccordinpW" 6r "a piuraiitf of thfe storage capacitors connected to 
product vleid may Be Increased markedly, e(nd" it is v - ^tfte- assdcfeled-pixel electrode; is substantially the 

^-l-^l-'- ^ ; ^wH^ a i/ -'Jcro&liaW^sCthiB *drive voltaae . aoolied to the other 



claim 2 or 3 




size anS densit^ ofUhe^iS may really'W 01 *™*cfi*ffitli#m>\t\ that ;trftMhin: film transistors and 
increased'. Also, if is pbssiBle h to provide strfct^ra*- 1 : - bi ^he : Wage^capacitors Connected to each pixel 
' dation in a display ofdatalncluding half tori'es'Psb ,Ci:rrsn e1ebtrdd§ ar^ arrkn§eci to .permit the selective dis- 
that the range orapplitiiofe of 'the display*a4vic* >:: ^^borinectlbnWthe ifth-tbwi fi \m transistor and one or 
iseniarged" ; ' *'"'" " r f ' & *' s r "' : ' : ^ va S r pluralfty^f : the storage ^capacitors having a total 

■ ; 7 ^^-sc.so.WO^ . . . . _ fc^oFiljr-ioso r ^^a^citlriber: r Cp 4f 'sar^^^^ film transistor or 

Storage- capacitors having 
defective, where there 
thlri film transistors con- 
and where x 
Cn-1) 

being the- gate-drain capacitance of the i-th 

thin film ' transistor, Cn-1 being* the gate-drain ca- 
pacitance of the remaining n-1 thin fiim transistors, 
CO /being- the capacitance of electro-optic material 
6f f tWpix&l f ^nd Cs being the total capacitance of 
c the stoVage v i:apacitors of the pixel. 

r ' v 5/A diisplay device according to any preceding 
-eiaim-charabterised in that the thin film transistors 
^102/^03^64, 105) and the pixel electrodes (101) 
^^^drm^ai'a-^bstir&te^llOKand in that the join 

mt» H , c?olu lllvo ulw K , W>| _ ^ v ? "&twS6h : each 'of the thin -film transistors and the 

advant^ ^f^ :u2n ^ci^ J plx¥l electrode has a, width smaller than 

for providingVelipf for defects in pixels. *V the channel Svidth of the thin fi In* transistor. 

' ' - e r Dn " : u 6. A display' devfc^ 



iouuvoicu pixel and, to the hpfnhal pu™. 
,\fore, it is. possible ;'. to Wljse a. display devicWhav- 
:ing.,a high reliability^ t V'' , \\ ri ,,,,. ... Vr ,„ 

. ..In .the. prior, art. a)so, where 'i plurality of'TPT&;' &r 
are'provided for ^ach' pixel.' if' a' defective ,^^1^' ^^ r ' 1 ' 
' disconnected, a reduptibn in jljei writing c^abftlt^ ^ ; . M ; > ^. 
; s occurs./ln .the'preserit'inve however, rtfe^Vf 1 '""^" 
y :: no change in the load on the TFTs and, th^Pefere^" 1 , 

^ there is no -Change in \3f\% writing capabilit^e^ 
t vAccordingiy )t: the design freedom is increased'. ^' ° tu 1 
The present invention thus provides £,fri 



Claims . 



the channel ! "width of the thin film* transistor. 

40 w 

:) ^^y^^-piajpC^g^gg^serf in that the storage capacitors 
i>niv£vri ^tonh'dcteci : to each^bf^ the pixel electrodes each 
y.i7 7 ^^om^ns6 ^ 'respective storage capacitor electrode 



, , . TAn active matrix type display device Having!^ 0 ^(111, 1lf and the feixel electrode (101) mounted 
' a plurality of scanning lines, (vi, ... Yn), a'^ty ; f -45 ,T1 ;! on a substrate (V10). and in that the join between 
. of signal lines (Xl^v Xm)..and pixels " the storaoe capacitor electrodes has a width which 

50, 60) .disposed at inter-sections of 'the scanpinjg ( er ^// 
. lines- and .the signal lines for providing a.J^spjay;|_ ; ' 
... each pixel being driven by wiay of a respective v ' ' ; " 1 
\ plurality^ of, thin film'transistors,(1 ( 2, 23, 24, 31',- 32," ^' so 
33;* 41, A2 t ^51, 52) i which/ are connected ? to an . 
. associated, pixel .electrode. (P)^characterised*intha ^ 
each pixel electrode has .connected thereto" a re- ^'-y 
(1 rSpective plurality of. storage capacitors (5, 6,' 25r ' Lt 



26, 27. 37, 38. 45, 46, 47,.55 v 56. 57) arranged' in 
-parallel, v. - - 

2. A display device according to claim 1 
characterised in that the thin film transistors and' 



! the storage capacitor electrodes has a width which 
i: - J is : smaller than the r width of the pixel electrode. 

r - v 7; A method of correcting for defects in a 
1 display provided by an active matrix type display 
device having a plurality of scanning lines (Y1, ... 
Yn), a plurality of signal lines (X1. ... Xm) t and 
pixels (10. 30, 40, 50, 60) disposed at inter-sec- 
tions of the scanning lines and the signal lines for 
providing the display, wherein "each pixel is driven 
by way of a respective plurality of thin film transis- 
tors (1, 2. 23i '24, 31, 32, 33, 41, 42, 51, 52) 
connected, to an associated pixel electrode (P), the 
method being characterised by providing a respec- 
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tive plurality of storage capacitors (5, 6, 25, 26, 27, 
37, 38, 45, 46. 47, 55, 56, 57) arranged in parallel 
connected to each pixel electrode, and disconnect- 
ing a selected one or a plurality of the thin film 
transistors connected to a respective pixel element 5 
and a corresponding selected one or a plurality of 
the storage capacitors connected to the respective 
pixel element in the event that the operation of the 
associated pixel is found to be defective. 

8. A method according to claim 7 characterised jo 
in that a defect in the operation of a respective 
pixel is detected electrically. 

9. A method according to claim 7 characterised 

in that, a defect in the operation of a ,jfespectiye__ ,^ 

pixel is detected optically. j ■, '5 

10. An electro-optic~display device havjng-an * ,,*"' [ 
electro-optic material sandwiched between a-paif of ; - , P ..L 
substrates, an opposing electrocie formed pn one' r^-, 
of said substrates, a plurality ;oT srahn^ " ) 
... Yn) and a plurality of signal lines (XI, .i. Xm), 20 \ 
which are arranged in a matrix^ on the othdr. sub- 
strate, a thin film transistor^!, 2, 23, 24, 31t32, 33, 

41 , 42, *"51;" 52) 'provided aT eacfT of lhe\ Jnt©^ ** 
sections between said scanning and signal lines 
and connected to.. the corresponding scanning and 25 
signal lines, a pixel electrode (P)-connected to said 
thin film transistor, and a storage capacitor (5, 6, 
25, 26, '27, 37, 38, 45. 46, ! 47, 55; 56, 57) con- 
nected to said pixel electrode.'characterisetf in that 
each pixel electrode is . connected to a parallel 30 
connection of a plurality of the thin film transistors 
and to a parallel connection of a plurality of the 
storage capacitors. 
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® Active matrix type display device. ^ 

© An active matrix type display device has a plu- 
rality of scanning lines (Y1, ... Yn), a plurality of 
signal lines (X1, ... Xm). and pixels (10, 30, 40, 50, 
60)' disposed at inter-sections of the scanning lines 
and the signal lines for providing a display. Each 
pixel is driven by way of a respective plurality of thin 
film transistors (1. 2. 23. 24. 31. 32, 33, 41, 42. 51, 
52) which are connected to an associated pixel, elec- 
trode (P). Each pixel electrode also has connected 
thereto a respective plurality of storage capacitors 
(5, 6, 25. 26, 27. 37. 38, 45. 46. 47, 55, 56, 57) 
arranged in parallel. Thus, if a thin film transistor or a 
storage capacitor connected to one of the pixel 
electrodes is defective, the defect in the associated 
pixel can be relieved simply by disconnecting as a 
pair both one of the thin film transistors and at least 
one of the storage capacitors so long as the pair 
includes the defective element. 
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